SUMMARY Abrupt changes in cycle length (CL) occur frequently in the clinical setting of atrial fibrillation. However, the effects of such changes on the His-Purkinje system (HPS) have not previously been considered during aberrant ventricular conduction (VAb). In 12 patients who manifested VAb with atrial premature stimulation (A2) during sinus rhythm, the relative refractory period (RRP) of the HPS was evaluated during a constant atrial CL (method I) and during abrupt changes in the CL (method II), wherein the A2 was coupled to an atrial CL (last AIA1) comparable to method I. This last AIA1 during method II was preceded by a series of constant atrial CLs 100-200 msec longer (method IIA) in 11 of 12 patients, or 100-300 msec shorter (method IIB) in all 12 patients. Although abrupt changes in the atrial CL using method IIA resulted in a longer HH interval (by 0-30 msec; mean 13.2 9.2 msec) preceding the A2, the RRP-HPS was 5-20 msec shorter (mean 9.3 5.3 msec) compared with method I in eight patients. The effect of abrupt changes was further evaluated in nine patients using method III, with a constant atrial CL, with a duration equal to the last HIH1 interval of method IIA. The VAb that occurred with method III was not manifested with method IIA in seven of nine patients, and in two patients the RRP-HPS was the same or less. Conversely, method IIB resulted in a shorter HH interval (by 0-110 msec; mean 28.9 + 21.1 msec) preceding A2, but in 10 patients, RRP-HPS was 5-40 msec longer (mean 20.7 10.5 msec) than that of method I and in two, VAb was only manifested using method IB. Further scanning with method III, derived from the HH interval immediately preceding A2 of method IIB, was performed in seven patients and compared with method IIB. Prolongation in the RRP-HPS was shown using the latter method. 
THE PHENOMENON of aberrant ventricular conduction (VAb) during antegrade propagation of premature supraventricular impulses has been recognized for many decades.' The classic paper by Gouaux and Ashman described the occurrence of VAb during atrial fibrillation in association with the sequence of a long cycle length (CL) followed by short CL.3 Intracardiac electrophysiologic techniques and His bundle electrogram recordings have demonstrated that such VAb is a result of functional conduction delay in the HisPurkinje system (HPS) and have confirmed the physiologic relationship between CL and VAb: a long CL followed by an antegradely propagated premature supraventricular impulse favors the occurrence of VAb, while a short CL decreases the likelihood of VAb;9 '-that is, the relative refractory period (RRP) of the HPS varies directly with CL.
Such refractory period determinations are usually performed during a constant CL or sinus rhythm and do not consider the varying CL pattern characteristic of atrial fibrillation. [5] [6] [7] [8] [9] [10] [11] [12] [13] Although varying CL provides the setting for long CL-short CL sequences and, therefore, engenders the occurrence of VAb, the effect, if any, on VAb of variation in the cycle length preceding (CLp) the long CL has not been determined. We studied the effects on the functional properties of the HPS From the Natalie and Norman Soref and Family Electrophysiolog, Laboratory, University of Wisconsin-Mount Sinai Medical Center Milwaukee, Wisconsin. 
Materials and Methods
The 12 patients (six males and six females, ages 22-77 years) included in this series were studied for a variety of reasons, including palpitations, syncope and previously suspected or documented tachyarrhythmias. The underlying structural heart disease was arteriosclerotic in four, primary myocardial in two and valvular in one. Five patients had no detectable structural heart disease. Electrophysiologic studies were performed in the postabsorptive, unsedated state. 8 The nature of the procedure was explained and each patient gave signed consent. Under local anesthesia, multipolar electrode catheters were introduced percutaneously and, with fluoroscopic guidance, were positioned in the high right atrium, atrioventricular junction, and right ventricle to record local electrical activity or for local pacing. All intracardiac electrograms (filter frequency 30-500 Hz), three surface ECG leads (I, II and V) and time lines were simultaneously displayed on a multichannel oscilloscope and recorded on magnetic tape. Programmed electrical stimulation was accomplished with a digital stimulator delivering rectangular impulses with adjustable amplitude and duration. All equipment was grounded. Patients were electrically isolated during the studies.
Patients were studied with the conventional technique of atfial premature stimulation (A2), designated as method I ( fig. 1 9 and 10 at CLP-CLR sequences of 700/500, 800/600, 800/600, 800/600, 600/500, 800/600 and 650/500, where the RRP-HPS shortened to less than the FRP of These studies are consistent with the observation of VAb during atrial fibrillation, where the sequence of long followed by short CL can occur frequently. Since the report by Gouaux and Ashman,3 it has become accepted clinical practice to distinguish VAb from ventricular beats by such CL changes.4 Therefore, while general clinical observation during atrial fibrillation and electrophysiologic studies has described the phenomenon of VAb as it relates to long CLs followed by short coupling intervals, the effect on VAb of variations in the interval preceding the long CL has not been described. rate of change in CL, changes of short to long CL will have a greater effect on RRP-HPS than equal changes of long to short CL.
This explanation only provides some insight into the directional changes regarding the onset of VAb with a given alteration in CLp relative to CLR; the present results do not explain the mechanism of the observed phenomena. The adjustment in refractory period of the HPS to a change in CL, although it starts immediately, takes several CLs to stabilize. The number of beats required to achieve this new steady state seems to vary considerably in different species. 4 A fatigue effect after short CLs (i.e., a CLp shorter than a CLR) and faster recovery after CLp longer than CLR may have produced time-dependent changes in the RRP-HPS. This mechanism would not explain the present results because in several of these cases, relatively short CLs (400-500 msec) were also scanned with method I (table 1) , and yet, the RRP-HPS was always shorter compared with that during longer CLs. In fact, in patients 1 and 10 ( to the wide range of CLp values that may be recorded in these settings. During this study, the range of long and short CLs was limited by spontaneous sinus CLs and pacing-induced onset of AV nodal Wenckebach phenomenon, respectively. This simplified model demonstrates that the absolute CL preceding premature supraventricular beats is not always the only determinant of VAb, but that the direction and rate of change in CLs preceding the longshort CL sequence both determine VAb in the human heart.
